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The comment made by Jean-Pierre Delmas [1] on the Conjugate ES-PRIT (C-SPRIT) algorithm in [2] is correct. The C-SPRIT algorithm has little utility in practice because it assumes that the received signal components s k are real, k = 1; . . . ; K. The authors in [2] stated this assumption of the C-SPRIT algorithm in many places, e.g., the abstract, introduction, system model, and conclusion in [2] . Specifically, the first line after (12) in [2] says that (12) [1] , the authors realized that the real s k assumption is not valid even if 1-D signals are transmitted. The phase differences at a receiver can be arbitrary, and hence, the received signal components s k are likely to be complex, as indicated in the comment [1] . The advantages of the C-SPRIT over the conventional ES-PRIT [3] are based on the assumption that the received signal components s k are real. This is why the authors stated in the introduction and conclusions of [2] [4] proposed their DOA algorithms, which can be effective for the complex s k , using C-SPRIT-type subarray beamforming techniques. Furthermore, the authors of [2] independently developed their own DOA algorithm similar to the C-SPRIT, which can be effective for any type of signals such as real/complex or coherent/non-coherent s k .
In this author reply, the method is briefly presented.
Assume a uniform linear array (ULA) of (2N +1) elements of a half wavelength spacing, where the element at the center is the reference element. And consider L number of non-coherent/coherent narrowband real/complex signals received at the ULA with DOAs 1 ; 2 ; . . . ; L . Then, an (N + 1) 2 (N + 1) observation data matrix is formed at a given snapshot k as 
This data collection is repeated for the other columns in (1) . Using the last column of X(k) in ( 
It can be shown that Z Z Z 1 and Z Z Z 2 are related to each other, with the conjugate of the phase rotation matrix 8 3 similar to the C-SPRIT, where 8 3 is a (K 2 K) diagonal matrix containing the DOA information. For example, when q = 1, i.e., a single snapshot case, Z(k); Z 1 (k), and Z 2 (k), become X(k), and the corresponding partitioned sub-matrixes X1(k) and X2(k), respectively, and can be related to each other as
where S is the (K 2 1) complex signal component vector, A() is the (N+1)2K array response matrix, N (k) is an (N+1)2(N+1) noise matrix, N 1 (k) is an (N +1)2 N noise matrix, and N 2 (k) is an (N + 1) 2 N noise matrix. Finally, the total-least-squares (TLS)-ESPRIT method is applied to Z Z Z 1 and Z Z Z 2 to find the DOAs using
The covariance matrix of W W W can be written as The 2(N + 1) 2 2(N + 1) covariance matrix in (10) is not similar to that of ESPRIT, especially when all the sources are correlated or highly correlated, i.e., coherent sources. The proposed method can detect up to (N + 1)=2 coherent sources, whereas the ESPRIT fails to detect coherent sources. In addition, the proposed method is different from the spatial smoothing technique, which is a variation of ESPRIT for coherent signals, and requires considerable covariance matrix averaging and a large number of snapshots, whereas the proposed method requires few snapshots. Fig. 1 shows the root mean square error (RMSE) of the DOA estimation in degrees versus signal-to-noise ratio (SNR) for L = 2 non-coherent sources of DOAs at [55 , 70 ], using 1,000 trials, q = 10 snapshots per trial, and (2N + 1) = 11 elements. It is observed in Fig. 1 that the proposed algorithm is three times lower in RMSE than the ES-PRIT when SNR is low, e.g., 2 dB. Fig. 2 shows the corresponding RMSE of the DOA estimation in degrees versus SNR for L = 3 coherent sources of DOAs at [45 , 60 , 75 ], using 1,000 trials, q = 5 snapshots per trial, and (2N + 1) = 11 elements. Again, it is observed in Fig. 2 that the proposed algorithm is superior to the known matrix pencil algorithm [5] .
